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(54) Test procedure for d.c sources like storage 
batteries and testing device for it 

(57) A testing procedure and a testing device for 
carrying out this procedure for d.c. sources like 
batteries is indicated, which enables a distinct 
identification of the condition of the tested unit by a 
single test process and without additional charging 
of the dx. source (10) being tested, while at the 
same time indicating whether a discharging or a 
physical condition (storage capacity) is responsible 
for the "bad condition" of the tested unit. For this, 
one measures the ax. internal resistance (Rs) and the 
no-load voltage (Ub) of the tested unit (10) and by 
combining the measured values of the no-load 
voltage U», on the one hand, and the internal 
resistance Rs, on the other, in correlated 
characteristic functional relations of the no-load 
voltage as a function of the ampere-hour capacity 
(Ub = f (Ah)] or the ax. internal resistance as a 
function of the ampere-hour capacity [Rs = f (Ah)] 
for different physical states (storage capacity) of a 
dx. source of the same type as the tested unit (10) 
one obtains a separate verdict on the charge state, on 
the one hand, and storage capacity, on the other. 
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State of die Alt 

The invention proceeds from a testing procedure for d.c. sources, such as accumulators, batteries 
or the like, according to the category of the main claim. 

In a procedure employed in a known testing device, one determines from the measured ax. 
internal resistance of the d.c. source being tested, known as the tested unit, the reciprocal of the 
ax. internal resistance and displays this on a meter. Since the reciprocal ax. internal resistance of 
the tested unit is proportional to its dynamic power and this, as has been found - roughly reflects 
the electrical energy that is actually stored in the tested unit, the indicated value of the reciprocal 
ax. internal resistance constitutes a measure of the state of the tested unit. 

Now, it turns out that the dynamic power, e.g., of a storage battery or an automotive battery, 
decreases considerably both with increasing discharge and with increasing impairment of the 
physical condition - by aging, sulfating, etc. By physical condition is meant here the storage 
capacity of the battery. For example, the dynamic power decreases by a factor of 3-4 during the 
discharging of the battery from the fully charged state to the state of total discharge. The dynamic 
power of an accumulator or a battery that was discharged for several months before being 
recharged also increases by a factor of 3-10, due to intensified sulfating. 

In this known testing procedure or testing device, one only gains information on the actual 
condition of the tested unit, but one does not know whether this "bad" actual condition of the 
tested unit is caused by the tested unit being only at least partly discharged, or whether it has lost 
some or all of its original storage capacity by aging, sulfating, or other circumstances. This means 
that, whenever a "bad" condition of the tested unit is determined, it is charged, even when a 
charging of the unit is no longer advisable due to its extremely bad physical condition, e.g., total 
loss of its storage capacity. Only this charging of the unit and a new test reveal that the "bad" 



actual condition of the unit is caused by its poor physical condition; since the charging eliminates 
the other possible cause of the "bad" actual condition, namely, partial discharge. The oftentimes 
unnecessary charging of a defective battery in order to establish that it is defective involves a 
needless and not inconsiderable loss of time and expenditure. 



Advantages of the Invention 

The testing procedure according to the invention with the characterizing features of the main 
claim has the advantage that the tested unit need not be charged in order to determine its physical 
condition, i.e.. its actually available storage capacity. In the testing procedure according to the 
invention, both the charge state of the tested unit, such as full, partly discharged, or empty, and 
the physical condition of the unit are determined, so that the tester immediately knows whether or 
not a charging of the unit is advisable, due to its physical condition. Thhhcm^ave the expenses 
of a possibly needless charging and the associated loss of time. 

The testing device indicated in Claim 2 to cany out the procedure has, besides the already above- 
mentioned advantages, the further advantage of easy handling and operability. The tester needs 
only connect the tested unit to the device and start a testing procedure. The test result is put out to 
him on the display device, namely, the physical condition of the tested unit on the one hand, and 
its charge condition on the other. At a glance, therefore, the tester can realize whether the unit 
needs to be charged and whether or not the qualitative condition of the unit justifies charging it. 

The measures indicated in the other claims enable advantageous developments and 
improvements of the testing device. Especially advantageous here are the measures per Claim 10 
or 1 1, for in this way the structural volume of the testing device can be very small in size, and the 
manufacturing costs of the testing device can be kept low. 

Drawing 

A sample embodiment of the invention is presented in the drawing and explained more closely in 
the following description. This shows 

Figure 1 a schematic depiction of functional relations of the no-load voltage Ub in 
dependence on the ampere-hour capacity Ah or the a.c. internal resistance 
Rs in dependence on the ampere-hour capacity Ah for an automotive 
battery of particular type. 

Figure 2 a block diagram of the layout of a testing device for testing an automotive 
battery. 

Description of the sample embodiment 

First the testing procedure for d.c. sources such as accumulators, batteries, or the like, shall be 
briefly sketched by means of figure I , based on the testing of an automotive battery, which will 
then be further explained in the subsequent description of the testing device. In the testing 



procedure, one first determines the a.c. internal resistance Rs of the automotive battery being 
tested, hereafter called the tested unit, and measures its d.c. no-load voltage Ub. These two 
measured values are combined • as can be seen from figure 1 - in mutually correlated 
characteristic functional relations of the no-load voltage Ub in dependence on the ampere-hour 
capacity Ah and the ax. internal resistance Rs in dependence on the ampere-hour capacity Ah for 
each different physical condition of an automotive battery of the same type as the tested unit. 
Such characteristic functional relations can be represented as characteristic fields figure 1 or as 
approximated mathematical functions. 

Thus, figure 1 shows, for an automotive battery of the same type as the tested unit, Le., same ; 
rated capacity, rated voltage, and same structural design (e.g., lead storage battery or nickel- 
cadmium storage battery), its characteristic functional relations Ub = f (Ah) and Rs = f (Ah) as a 
characteristic field. Correlated functional relations are each characterized by the same type oF~ 
line. The unbroken characteristic lines here represent the corresponding characteristic functional 
relations for a new battery. One notes that with increasing discharge, the dx. no-load voltage Ub 
of the battery decreases and the a.c. internal resistance increases. For the same, but aged battery, 
one gets the characteristic functional relations according to the dash lines. If the battery is aged 
even further, i.e., its storage capacity has further decreased by progressive sulfating, one gets the 
characteristic functional relations according to the dot and dash lines. The same battery in 
relatively poor physical condition is characterized in its characteristic functional relations by the 
dotted lines. One sees that with worsening of the physical condition of the battery both the no- 
load voltage Ub decreases and at the same time the a.c. internal resistance Rs increases. The 
individual characteristics Ub = f (Ah) and Rs s f (Ah) essentially preserve their characteristic 
trend as described above. 

If, now, one combines the two measured values found for no-load voltage Ub and a.c. internal 
resistance Rs in correlated characteristic functional relations Ub = f (Ah) and Rs » f (Ah) for the 
same ampere-hour capacity Ah removed (represented in figure 1 by the intersections between the 
measured value lines and the associated characteristics), one obtains a separate statement, on the 
one hand, as to the charge condition of the tested unit (ampere-hour capacity Ah removed) and. 
on the other hand, as to the physical condition or the storage capability of the tested unit (dot and 
dash line = relatively poor). 

The testing device for d.c. sources such as accumulators, batteries, or the like, to carry out the 
above-described testing procedure, is schematically shown as a block diagram in figure 2. Here, 
the automotive battery to be hooked up for testing to the device, hereafter known as the tested 
unit, is designated by 10. 

The testing device has a resistance meter 1 1 for measuring the a.c. internal resistance of the 
tested unit. This consists of a constant-current generator 12 and a voltage amplifier 13. The 
constant-current generator 12 is connected to the terminals of the tested unit 10 and feeds it a 
constant current of very low intensity and constant frequency, preferably 100 Hz. The voltage 
amplifier 13 is configured as a selective amplifier tuned to the frequency of the constant-current 
generator 12, and it also contains a direct current gate. The voltage amplifier 13 is likewise 
connected to the terminals of the tested unit 10 and it detects and amplifies the alternating 



voltage drop at the terminals of the tested unit 10. 

The testing device, moreover, has a voltage measuring system 14, which basically consists of a 
<Lc. amplifier 15. This is likewise connected to the terminals of the tested unit 10. To improve the 
voltage measurement, the d.c. amplifier 15 can also receive an offset voltage. 

The testing device also has a first memory 16, which saves the characteristic functional relations 
of the no-load voltage Ub and the ampere-hour capacity Ah of at least one automotive battery of 
the same type as the tested unit for each selected different physical condition of same. As already 
mentioned above, by physical condition is meant here the storage capacity of the battery, which 
can decline from that of a new intact battery by aging process, especially as a result of sulfating 
or grounding or by other circumstances. In order to allow universal use of the testing device, the 
above-mentioned characteristic functional relations are saved in memory not just for one battery 
type, but for all customary battery types. Likewise, in a second memory 17, the characteristic 
functional relations of the ax. internal resistance Rs and the ampere-hour capacity Ah are saved 
for each of the same selected conditions as the functional relations in the first memory 16. The 
functional relations here can be saved either as characteristic fields or as approximated 
mathematical functions. It is advantageous to normalize the individual characteristic functional 
relations, and this preferably to the rating values, in order to reduce the number of relations 
memorized. For all batteries of the same kind, lead or alkaline accumulators, but different rated 
capacity and rated voltage, it is then enough to memorize a single characteristic field or a few 
mathematical functions for each of the different physical conditions. 

The two measuring devices, i.e., resistance measuring unit 1 1 and voltage measuring unit 14, and 
the memories 16. 17. are connected to an operator 18, which preferably works digitally and can 
be configured as a microprocessor. Since the measured values of the measuring units 1 1, 14 are 
put out as analog signals, these must be converted into digital values for processing in the 
operator 18. An analog/digital converter 19 hooked up between the measuring units 1 i and 15 
and the operator 18 serves for this. In order to make do with a single analog/digital converter 19. 
an analog switch 20 is connected upstream from it, and it alternately feeds an analog measured 
value signal from the resistance measuring unit 1 1 or the voltage measuring unit 14 to the 
analog/digital convener 19. The analog switch 20 is connected by both its inputs to the outputs of 
the voltage amplifiers 13, 15 and its output is connected to the input of the analog/digital 
converter. The digital measured-value signals supplied to the operator 18 via the analog/digital 
converter 19 are kept in a cache memory 21 of the operator 18 until the end of a testing 
procedure. 

The operator 18 has a calculator 22 and a comparator 23. The calculator 22 calculates or 
determines, for the measured no-load voltage of the tested unit 10 arising as a signal at the input 
of the operator 18 or in its cache memory 21. an assigned value of the ax. internal resistance Rs 
from the relations saved in memory and furnishes this as output signal to the comparator 23. By 
one output of the operator 1 8, the comparator 23 is connected to a display device 24. Besides the 
output signal of the calculator 22, the comparator also receives as input signal the value of the 
measured a.c. internal resistance arising as a signal at the operator 18 or in its cache memory 21. 
The comparator 23 now works such that, if its two input signals coincide or essentially 
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approximately coincide, it puts out an output signal to the display device 24, which in turn 
activates a display function. 

The operator 18. furthermore, has a controller 25 connected to the ^"^^and ^ ^ , 
calculi 22. This controller 25 is constructed such, and connected to the comparator 23 and the 
calculator 22 such, that when the input signals of the comparator 23 do . 
approximately coincide, the latter puts out a signal to the controUer 25. which triggers a control 
JStoThis conttol signal of the controller 25 causes the calculator 22 to carry out a 
cSation' o^Sation cycle, as described above, while at the end of each ^dividual cycle 
an ouCr/gnaf is put out to tie comparator 23. However, these calculation ord— 
ScleTare noTTdendcal. but instead occur with the memorized relations for a particular physical 
cTndTtion of the battery. During each cycle, a memorized relation for ^f^^ 
condition of the battery is read out from the memory 16. 17 and processe^ Tbe fhstcycle. 
advisedly starts with the relations for the best physical condition of the battery. 

In order to enter the characteristic data of the tested unit 10 into the calculator 22, a dam entry 
device 26 is connected to the operator 18. Through this data entry device, the rated capacity, the 
ratedvoltage, and the type of te*ed unit 10. e.g., lead or ruclcel-cadmium battery, are entered. 
FurthermorVthe ternpeWe of the tested unit can also be entered, to eliminate temperature 
influences. 

In order to compensate for measurement errors, which may be caused by surface charge of 
freshlv charged tested units or by defective cell connectors in the tested unit, a high-current pulse 
generator 27 is additionally connected to the tested unit 10. which applies a high-cunent pulse to 
the tested unit 10 before the actual testing procedure begins. This Mgh-current pulse has for 
example, a current intensity at the magnitude of the load current of the tested unit and a duration 
of several seconds. This high-cunent pulse, first of all. gets rid of the surface charge of a ^ freshly 
charged tested unit and, secondly, tests its cell connectors. If these are already very bad, they wul 
be completely disrupted by the high-current pulse. 

The testing device is outfitted with a time switch 28, which determines the "timing" of the 
individual processes during the testing procedure. The time switch 28 is connected to the high- 
current pulse generator 27. the constant-current generator 12, the analog converter 20 [sic!] and 
the operator 18. A starting pulse for the testing procedure, furnished by a starter 29 to the 
operator 18, sets the time switch 28 in operation. This brings about the switching on and off of 
the high-cunent pulse generator 27 and the constant-current generator 12, as well as the 
switching of the analog switch 20 for the alternating transmission of the analog measured-value 
signals at the output of the voltage amplifiers 13 and 15 of the resistance measuring unit 1 1 or the 
voltage measuring unit 14 to the analog/digital converter 19. 

It is possible to assemble the operator 18, the two memories 16 and 17. which moreover can be 
formed by a single memory, the analog/digital converter 19, the analog switch 20, the time 
switch 28, and at least pans of the display unit 24 into a so-called "single-chip microprocessor . 
This leads to considerable cost and volume reduction for the testing device. 
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The display device 24 has separate display fields 30 and 31. on the one hand for tiie display of 
the physical condition, characterized in figure 2 by A, B and C, and on the other hand for display 
of the charge state, characterized in figure 2 by 1 . 2. 3. The display fields 30. 3 1 are selectively 
actuated by the operator 18 via the display device 24. Instead of the display fields 30,31, it is 
also possible to hook up to the display device 24 a digital display, a band of consecutively 
lighting LEDs. a printer for text output, or the like. 

The general power supply for the testing device comes through the tested unit 10, so that the 
testing device can be used anywhere, regardless of available power supply mains. 

The mode of operation of the above-described testing device is as follows: 

Fust, the tested unit 10 is connected to the testing device. After this, the tester must activate the 
starter 29. The testing of the tested unit 10 occurs spontaneously and a display field 30 and a 
display field 31 each light up in the display device 24, showing the physical condition of the 
tested unit and the charge state of the tested unit For example, if the display field 30 lights up 
with "A" and display field 31 with "2", this means, e.g., that the physical condition of the tested 
unit. i.e., its storage capability, is the best it can be, Le., it is a new battery, and the tested unit 10 
is partly discharged. Accordingly, the display field 30 with "C" identifies a tested unit with very 
poor storage capacity and the display field 31 with "1" a completely charged unit 10. 

Specifically, the following takes place during the testing procedure: the time switch 28 first sends 
a starting pulse to the high-current pulse generator 27. which as described above applies a high- 
current pulse to the tested unit 10. After this, the actual testing procedure begins with turn-on of 
the constant-current generator 12, likewise by a control pulse of the time switch 28. The time 
switch 28 with another pulse controls the analog switch 20 such that, e.g., the resistance 
measuring unit 11 is first connected to the analog/digital converter 19. The resistance measuring 
unit 1 1 measures the alternating voltage drop at the terminals of the tested unit 10 and applies 
this as an amplifie d analog signal to the analog/digital converter 19. This furnishes to the 
operator 18 a corresponding digital measured-value signal of the a.c. internal resistance of the 
tested unit, which is kept in the cache memory 21. 

The analog switch 20 is switched by another control pulse of the time switch 28, so that now the 
input of the analog/digital converter 19 is connected to the output of the voltage measuring unit 
14. The terminal d.c. voltage of the tested unit 10 is amplified via the d.c. voltage amplifier 15 
and furnished as an analog measured-value signal to the analog/digital converter 19, which 
likewise puts out a corresponding digital measured-value signal of the no-load voltage of the 
tested unit 10 to the operator 18, where this is likewise kept in the cache memory 21. From the 
data entry device 26, the characteristic data of the tested unit 10 entered prior to the start of the 
testing procedure ate entered into the calculator 22. By means of these characteristic data, the 
calculator 22 reads out from the two memories 16, 17 a characteristic functional relation of the 
no-load voltage Ub in dependence on the ampere-hour capacity Ah (Ub = f (Ah)) and a 
coordinated characteristic functional relation of the ax. internal resistance Rs in dependence on 
the ampere-hour capacity Ah (Rs = f (Ah)) of a d.c. source which is the same type as the tested 
unit 10. and this for a d.c. source having the best physical condition, i.e.. maximum storage 



capacity. The calculator 22 now calculates or determines, with the measured value of the no-load 
voltage of the tested unit and the memorized functional relations, a coordinated value of the ax. 
internal resistance and puts this out as me output signal, which is furnished to the comparator 23. 
The comparator compares this output signal with the measured value of the ax. internal 
resistance, which is furnished to the comparator 23 from the cache memory 21. It is assumed that 
the comparator 23 at first establishes no coincidence or approximate coincidence of the two input 
signals, since the output signal of the calculator 22 is smaller than the measured-value signal of 
the a.c. alternating resistance. According to what was said above, the comparator 23 thus puts out 
an output signal to the controller 25, which in turn niggers a control signal that goes to the 
calculator 22. The control signal instructs the calculator 22 to again read out a c h aracte ri stic ; 
functional relation Ub a f (Ah) and the coordinated functional relation Rs - f (Ah) from the two 
memories 16 and 17, but now for a physical condition of the same dx. source that is one step 
worse. The calculator 22 determines with the functional relations now read out and still the same 
measured value of the measured no-load voltage of the tested unit 10 a new value of the ax. 
internal resistance and puts this out as output signal to the comparator 23. If, now, this output 
signal is approximately equal to the measured- value signal of die ax. internal resis t ance, the i 
comparator 23 establishes a coincidence and, as described above, puts out a pulse to the display 
device 24. The number of the calculation or determination cycles performed by the calculator 22 
is a measure of the physical condition of the tested unit 10, Le., the more calculation cycles 
performed by the calculator 22, the worse die physical condition or the storage capacity of the 
tested unit 10. As soon as an output signal reaches the output of the comparator 23 connected to 
the display device 24, the display device 24 turns on one of toe display fields 30 corresponding to 
the number of cycles of the calculator 22; here, for example, the display field "B", for two cycles 
of the calculator 22. This tells the person performing the test that the tested unit 10 has a reduced, 
but still adequate storage capacity. Since the Ah-value is automatically calculated or determined 
during the calculation or determination of the value of the ax. internal resistance by the 
calculator 22, it is present at the display device 24 thanks to the connection between it and 
operator 1 8 and when the output signal arrives at the output of the comparator 23 that is 
connected to the display device 24 it can bring about the turn-on of a corresponding display field 
31. e.g., the display field 31 with "2". This tells the person perfonning the test that the tested unit 
10 is already partly discharged. 
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Claims 

1. Testing procedure foi dx. sources, like accumulators, batteries, etc., in which the ax. 
internal resistance of the d.c. source being tested (the tested unit) is measured as a 
characteristic of its condition, characterized in that one also measures the no-load voltage 
of the tested unit (10) and by matching up the measured values of the no-load voltage 
(Ub), on the one hand, and the internal resistance (Rs), on the other, in correlated 
characteristic functional relations of the no-load voltage (Ub) in dependence on the 
ampere-hour capacity (Ah) and the ax. internal resistance (Rs) in dependence on the 
ampere-hour capacity (Ah) for different physical conditions of a dx. source of the same 
type as the tested unit (10), one obtains a separate verdict on the charge state, on the one 
band, and physical condition, on the other. 

2. Testing device for dx. sources, like accumulators, batteries, etc., for carrying out the 
testing procedure of Claim 1, with a voltage measuring unit that measures the ax. internal 
resistance of the tested unit and with a display device putting out the condition of the 
tested unit , characterized by a voltage measuring unit (14) that measures the no-load 
voltage of the tested unit (10), a first memory (16), in which are kept the characteristic 
functional relations of the no-load voltage (Ub) and the ampere-hour capacity (Ah) of at 
least one dx. source of the same type as the tested unit (10) for various selected physical 
conditions of same, a second memory (17), in which are kept the characteristic functional 
relations of the ax. internal resistance (Rs) and the ampere-hour capacity (Ah) of at least 
one dx. source of the same type as the tested unit (10) for various selected physical 
conditions of same, an operator (18) connected to the resistance measuring unit (1 1). the 
voltage measuring unit (14), and the memories ( 16, 17), having a calculator (22), which 
calculates or determines a coordinated value of the ax. internal resistance (Rs) from the 
memorized relations for the no-load voltage (Ub) of the tested unit (10) measured and 
arising as signal at the input of the operator (18), and a comparator (23), which puts out a 
display signal to the display device (24) connected to the operator (18) upon coincidence 
or substantially approximate coincidence between the ax. internal resistance (Rs) 
measured and arising as signal at the input of the operator (18) and the output signal of 
the calculator (22). 

3. Testing device per Claim 2, characterized in that the operator ( 1 8) has a controller (25), 
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which is designed such and connected to the comparator (23) and the calculator (22) such 
that the latter runs through a calculation or determination cycle with each control signal of 
the controller (25), wherein consecutive cycles occur, each with the memorized relations 
for a particular physical condition of the d.c. source, being read out in succession from the 
memories (16, 17), preferably starting with the relations for the best physical condition, 
and in the controller (25) a control signal is triggered for each difference of the input 
signal of the comparator (23). 

Testing device per Claim 2 or 3 , characterized in that a data entry device (26) is 
connected to the operator (18), by means of which the characteristic data of the tested unit 
(10), such as rated voltage, rated capacity, and type, can be put into the calculator (22). 

Testing device according to one of Claims 24, characterized in that the operator ( 18) has 
a cache memory (21), which stores input signals corresponding to the measured no-load 
voltage (Ub) or the measured ax. internal resistance (Rs). 

Testing device according to one of Claims 2-5, characterized in that the voltage 
measuring unit (14) and the resistance measuring unit (1 1) are connected to the operator 
(18) via an analog switch (20) and an analog/digital converter (19). 

Testing device according to one of Claims 2-6, characterized in that the resistance 
measuring unit (1 1) has a constant-frequency constant-current generator (12) that can be 
connected to the tested unit (10) and a voltage amplifier (13) that can be connected to the 
tested unit (10), which is preferably designed as a. selective amplifier with d.c. gate that 
can be tuned to the frequency of the constant-current generator (12), 

Testing device according to one of Claims 2-7, characterized in that the voltage 
measuring unit (14) has a dx. voltage amplifier (15) that can be connected to the tested 
unit (10), at which an offset voltage is preferably applied 

Testing device according to one of Claims 2-8, characterized in that a high-current pulse 
generator (27) which can be turned on shortly before activation of the measuring units 
(1 1, 14) is provided, which can be connected to the tested unit (10). 

Testing device according to Claim 9, characterized in that a time switch (28) putting out 
control pulses of different time is provided, being connected to the high-current pulse 
generator (27), the constant-current generator (12), and the analog switch (20). 

Testing device according to one of Claims 2-10, characterized in that the operator (18) is 
configured as a microprocessor. 

Testing device according to Claim 10, characterized in that the operator (18), the 
memories (16, 17), the analog switch (20), the analog/digital converter (19), the time 
switch (28), and at least parts of the display device (24) are assembled in a single-chip 
microprocessor. 



Testing device according to one of Claims 2-12. characterized in that the display device 
(24) has separate display fields (30, 31) for display of the physical condition and for 
display of the charge state of the tested unit (10), being selectively actuated by the 
operator (18). 



Figure! 



key: 

MESS WERT = measured value 
PHYS. ZUSTAND = physical condition 
LADEZUSTAND = charge state 
entnommene Ah ■ Ah removed 
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\ PERFORMANCE OF DRY CELLS. 
By Camx Ham»u<cxux. 

Since 1908 the writer has made examination and tests on 
several thousand dry cells for the purpose of determining their 
.characteristics and performance as judged by methods of testing 
in common use. The cells examined included the products of 
vajious leading manufacturers supplying the American market. 
This work has done for the French Battery & Carbon Company, 
. of Maciison, Wisconsin, and it was through the courtesy of this 
company that permission was secured to draw upon the records 
for information which may be of some general interest to dry* 
cell users. * 

• There are three important characteristics of dry cells by which 
merit is judged, these being commonly designated as the "flash" 
or "short-circuit current," the "shelf life" and the watt-hour 
output or "service capacity." . 

The first is of the least importance and the last 19 the most 
important, as determining the actual merits of the product, but 
as to the frequency of use this order is reversed, and it is by 
the flash test that the largest proportion of dry cells sold are 
judged. The dealer tests the barrel of dry cells when received by 
means of the ammeter, the customer in turn goes over the dealer's 
4tock and picks out cells which show the "most amperes." To 
those who have given the matter some thought it is evident that 
the merits of the cell cannot be determined solely by the initial 
amperage, but the test is nevertheless in general use and is an 
important factor. The principal reason for this test is apparently 
its simplicity and rapidity, coupled with tt* fact that it does tell 
whether the cell has a high or low internal w istance and whether 
h is alive, or dead. This test being used as an indication, it is 
natural .that the purchaser would choose cells which show the 
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highest test, that the dealer therefore finds it easier to sell a 
higher testing product, and that this influence extends to the 
maker in prompting him to turn out a high-testing product. 

That there has been a tendency in this direction during the 
past few yean, of increasing the flash test, is indicated by the 
ST f • *' T he8e were f">m many observations 

(6 cm.) diameter dry cells of the most prominent makes. 
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"""P* 1 * 5 ™ tes ts were made on ttvelve 
different brands of dry cells on the American market; these tests 
bemg -earned out in die Applied Electrochemistry Laboratory, ot 
toe University of Wisconsin. They indicated that the flash test 
or initial amperage of cells at that time varied between two and 

■2^ZTt ^u': b€en 1 ^ dual u P wa * ^«cy since 
toattone, and that thi, upper tendency h still continuing is 
shown by the curve, above referred to. An attempt has been 

ST* , 5 £ (,s cm) dTy ce,,s into lwo 

sS y 'wSr c t^j* teiephpone service ' «* 

£SSL i ^ £* ^ ^ * 0,e intended for 6«-engine 
Ignition. It will be seen that since 1908 the initial amperage 

-L!" Vu T been raJsed *> to over 30 amperes, 

while w,th the telephone type the amperage has been raised from 
15 to nearly 30 amperes. In considering this decided upward 
tendency it is interesting to speculate how much further it will 
be carried, and as to whether the other and more important 
characteristics of dry cells are being likewise improved 
There are various methods by which the initial amperage may 
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be increased, including. the use of graphite and higher conduc- 
tive carbon, the increase in the percentage of this material with 
a corresponding decrease in the manganese and other constitu- 
ents, by the use of various chemicals which increase the activity, 
by the use of thinner and more porous lining for the cells and 
by the density and hardness of tamp, etc. 

The question naturally presents itself as to whether in the 
attainment of a high flash some of the other desirable character- 
istics may not be sacrificed, and from the writer's observation it 
appears that during the past three year* there has been little if 
any improvement in the cell durability or shelf-wear or in the 
watt-hour capacity ; in fact there is some evidence that these 
important qualities have been sacrificed in the attainment of " 
high amperage. 

There is an impression which is becoming more generally 
recognized that high amperage alone is a false criterion, and that 
a cell possessing it is likely to suffer more rapid deterioration 
either in storage or for long time service. In all probability the 
adoption of 'certain simple and standard methods of testing will 
result in more attention being given to the more important 
characteristics of long life and energy output 

While there are certain classes of service in which the dry 
cell is naturally expected to run down within a few weeks, there 
are larger fields for usefulness where the service must be 
extended over many months and even a year, and in which 
deterioration when the cell is not in use naturally plays a promi- 
nent part. These classes oi service include telephone, signal and 
alarm service, and where the dry cells are used as an emergency 
reserve in the failure of other sources of electrical energy 
supplied. 

A question of great importance and upon which there is little 
published information is this, "What is the rate of normal shelf- 
deterio ration for a standard well made cell under normal tem- 
perature conditions?" From statement by Mr. D. L. Ordway, 
Transactions of the American Electrochemical Society, 17. page 
349 (*9'6)» the shelf life of a cell may be taken as the number 
of -months before the short-circuit current reaches ro amperes. 
This io amperes is taken not because it indicates a corresponding 
decrease in the output capacity of the cell, but because it repre- 
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sents a value such that the dealer could not dispose of the cell to 
the average consumer. The best cells in the market have a 
shelf life on this basis of \2 to 15 months, while 10 to la months 
is given as more nearly the shelf life obtained with the high- 
grade cells now on the market. Mr. W. B. Pritz, Transactions of 
American Electrochemical Society, 19. 39 (tpr,), g 5ves data 
showing the variation of shelf deterioration at various'tempera- 
twres. At 25° Caaa ampere cell will drop 10 per cent, in 
amperage in ten weeks on open circuit. 

From a large amount of data the writer has endeavored to 
compile a curve which will show a normal deterioration of the 
more prominent types of cells on the market during the past 
year. This is difficult on account of the wide variation in per- 
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fomanc*, not only as among cells of different makes, but even 
?s among cells of any one make. Basing judgment upon the 
results obtained from over a thousand cells made in the latter 
part of 1910 and during 191 1, th c curves in Fig. 2 may be taken 
as representative of the better grades of 6 in. (15 cm) dry 
~?V ^se curves express the percentage of the original flash 
which cells should show after various intervals of storage up to 
one year. It has been observed that cells made with higher initial 
amperage show a more rapid deterioration than' those made 
initially of the lower flash test as indicated by the three curves for 
cells having initially 20, 25 and 30 amperes respectively. It has 
been pointed out by Messrs. Prit* and Ordway that the falling off 
m flash tests does not by. any means indicate a corresponding 
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reduction" in useful service capacity, and the writer wishes to 
confinn these observations. Nevertheless, it is desirable that 
cells be improved for shelf wear and the above curves indicate 
that marked opportunity for improvement exists. • 

It is hoped that more attention may be given during the com- 
mg. year to dry-cell testing, especially along such standard lines 
as may be recommended by the American Electrochemical Society, 
and that later results may be presented by various observers 
through vrhich more accurate knowledge concerning dry cells 
may be derived. • 

Northern Chemical Engineering Laboratories, 

' : „■ Madison, Wis.' 



{Written discussion of this* paper is invited, and may be sent to 
the Secretary, Prof Jos. W. Richards, South Bethlehem, Po.) 
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A BRIDGE FOR MEASURING STORAGE BATTERY RESISTANCE* 
Br Cvobiii Wuuhvcmz* 

Abstract 

bJh n w^fc^%. CUr ^ Wheatst one bridge has been designed and 
btuft which can be used to measure battery resistance of the order of 
0.004 ohm with an estimated accuracy of 2%. 

INTRODUCTION 

fato^rSS,- — ,Cad add St0rage batter 5'' a Pledge of the 
internal resistance is important, particularly in interpreting the voltaee 

SSrV sSSK"" ^V Pp,cab,e «> modern lead acid stong\ 
a^faMe ^ ° rC " no instrument general 

arailable for the measurement of this important quantity Exoeri- 
S ^'^reconducted in an effort to £ an atmSSs 
which would be suitable for routine laboratory use in SVmUKen t 
of the internal electrical resistance of storage batter^ 



DESIGN 



dJJfJ^f 3 ^ 0 " 6 br i d f! * g«eral!y used for the measurement of 
w£ ™! JTiff ? rid * es which we " Ghetto available however 
T^J!!* Sm ^ ,C [° r ** mea$ «rement of the resistance of baE of 
the type used in the modern automobile and it was neassarJ to ™£ 
oemm alterations before they could be used. Wnen^lutSaSs 

=v saws «^^saras 

A bridge assembly which reduces these error* ro a ^^.ai 

i-tyss assise j-s 1 -,a*awa 

amplifier bmuL „f l<0 iSti, • ih.^ . <? n *°'" s ' ** 

>U*euenpt received ;»nu«y 2», W4 i. »* ,tat,on "« 

Nab«Ml Led Cemp.iv Su. Ub., Brooklm. N. Y. 

t»- Y^ , ^7940). Wrt "* *" VJ "* " S «««« «««W M EdM-> WU V » Son,. 
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been practical only during the past few years, and is a development 
which is essential to the new bridge. A reasonable condenser capacity 
is obtained by making the ratio arms of the bridge of high resistance. 
This does not decrease the sensitivity because the amplifier input is 
also of high impedance. This arrangement also minimizes contact 
resistance errors, because almost all temporary connections are located 




Ft©, I. The bridge iweml 



bridge trembly: battery, standard rewitor. and lead* to box contain- 
ahde wire, end coil*, eondenaen, and amplifier. ° 

OSC. 




Pic 2. Wiring dUgrea of the Wbcatstone bridge. Cond. 
=coodensere; £.C=end co»)»; S,W.=»i«te wire. 
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in the high resistance arms of the bridge or in the oscillator circuit, 
where they are relatively unimportant. The only contact, the resistance 
of which might introduce appreciable error, is the contact between the 
test battery and the standard resistor. The resistance of this contact 
can be measured, however, by shifting the amplifier lead from the 
battery terminal to the clamp carrying the standard resistor. Any dif- 
ference in apparent resistance produced by this shift represents con- 
tact resistance. If the contact surfaces are kept properly cleaned, this 
resistance is negligible. 

Another point to be considered is the inductance balance. Under 
the conditions of measurement, the inductive reactance is of the same 
order of magnitude as the resistance, both for the standard resistor 

Table I 

Parts of the Bridge. 

OSC. = Oscillator; Triplett Model 1240 Pentode Oscillator 

with one stage amplifier; operates on 110 v. ax. 
Output impedance, 15 ohms. 

STD. R. = Standard Resistor, straight % in. (6.4 mm.) diaa. 

constantan rod 7 in. (178 mm.) long, 0.00400 ohm. 

STD. IND. = Standard Inductance, 16 in. (41 cm.) copper rod 
H in. (6.4 mm.) diam. 

GRND. s Ground; also connected to amplifier and cable shield. 

COND. A. s= Condensers; 8 rofd. electrolytic, positive to left aide 
of the bridge, used to block d.c from parts of tfcc 
bridge, These condensers were not used dura* 
the calibration with Ac 

COND. B. = Condenser; variable, air dielectric 0.001 mid.; sup- 
plemented by mica dielectric fixed condensers, total 
capacity O.OoO mfd. 

S-W. = Slide Wire ; 4,000 ohm wire-wound rheostat. 

E.C = End Coils; non-inductive resistances 2,500 ohm 

I.R.C type WW4. 1% accuracy, with switch. 

AMPL. = Amplifier; ultra high gain, Lafayette Model 244A. 
J*stage, screen grid, resistance coupled. 



and for the battery. These reactances are not necessarily equal, but a 
balance can be obtained either by equalizing them or by insetting a 
condenser in the ratio arms of the bridge. If a condenser is used, 
however, the calculation of . resistance becomes somewhat imrolved, 

i since certain corrections for phase angle must be introduced For 

practical purposes it appeared better to introduce a variable inductance, 

ft in series with the standard resistor. This was done by fastening a 

straight copper rod in line with the standard resistor, putting the 
oscillator lead at the far end of this copper rod, and then making the 
lead to the ratio arm movable. This movable lead was adjusted to 
make the condenser reading under balanced conditions less than 010003 
mfd. Under these conditions, the condenser current and phase angles 
could be neglected and the total error introduced was only 2%, or less. 
The movable lead method of balancing battery inductance introduces 
one complication. The copper rod has some resistance, and whenever 
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the position of the lead is shifted, the effective resistance of the standard 
resistor k changed. This change of resistance of the standard may 
usually lie neglected, but when large shifts are made, it is necessary 
to change the value of the standard resistor used in the calculation. 

Inductance errors of the bridge are negligible only when care is exer- 
cised in placing the leads. It was found necessary to install the current- 
carrying vires (oscillator leads, standard resistor, and cell connectors 
of the battery which carry practically all of the current) at right angles 
to the potential carrying leads (the connections to the slide wire and 
condenser which carry only an infinitesimal amount of current). Other- 
wise it was found that appreciable parasitic voltages were induced in 
these potential leads, and these in turn introduced errors in both the* 
resistance and the inductance readings. The potential leads are carried 
to the slide wire in a 3-wire shielded cable and the oscillator leads are 
carried to the oscillator in a separate cable which is kept away from the 
first cable as far as possible. 

Tabu II 

The EffM of Frequency on the Apparent Resistance of the Battery. 



Frequency 


Apparent RnlKUM 


5,000 cycles 


0.00270 ohm 


4,000 


0.00270 


3.000- 


0.00270 


2,000 


0.00270 


1,000 


0.00272 


500 


0.00272 


250 


0.00272 



No appreciable inductive effects between the oscillator and the ampli- 
fier were observed. This observation was made by comparing resistance 
measurements made when the oscillator was 20 ft (6 m.) from the 
amplifier, with resistance measurements made when the oscillator was 
within 6 in, (15 cm.) of the amplifier. The only precaution exercised 
was to keep the oscillator leads twisted. Another independent method, 
which indicated that this inductive effect is negligible, involved explor- 
ing the oscillator field with a coil of wire which was connected to the 
amplifier. The inductance effects were so small that only a very faint 
hum was heard in the earphones. A third test consisted of reversing 
the oscillator leads at each possible point. No change was found in the 
apparent resistance. It was estimated that inductive effects between the 
oscillator and the amplifier introduced errors of considerably less 
than 1%. 

Another possible source of error is the "skin effect" which becomes 
noticeable when a high frequency alternating current is used. The 
alternating current,* in the experiments on this modification of the 
Wheatstone bridge, was set at 3,000 cycles, because it was found that 
at this frequency a precise balance of the bridge could be obtained 
without a bothersome first harmonic from the oscillator. Furthermore, 
this high frequency eliminated polarization troubles. Such high fre- 
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"nous error. At 3,000 cycles 
through its entire f cross se^on g & ^ ff ° f £ e ^tosteadol 
resistor to show a som#wW w»u ? k,n effect "uses *e standard 

than would ^SStn'S^SS! ^ • to r h «^«2 
current. c measurement were made with direct 

. J^tZ SANSS' ^ T"* 

This n, toio^irf bTd^SSA' 1* « 3.000 

capacity in this bridge and £!L;3 effect( Ind ««ance, and 

negligible. The h^^^"£?L? r, «. of . Ae battery £ 
equation : resistance of the battery is given by the simple 

Rx = Rl il 

r «Sr £ ~ - 1}> and * - &e 

wal^henteS 2yt£l*~ ^ and *• Oration 
appropriate resistanc es nXtrf^ k rod o{ 

Circuit and the resistance of wnof i^vf^ ,n 0,6 brid *e 
the ammeter-voltmeter method us£r «H J? , * gt ™£ ******* 
then balanced in the cuT» * • current The bridge was 
from the slide W.ShfB SS^ S 1 "-** and 
ca culated. Finally the bridle wj ££^ ° f constantaa rod was 
galvanometer, instead of d us,n * current and a 

Phones, and fn?S ^2^?^^ ? and 
again calculated. This «vf AriTSSf ^ constantan was 
«anu„ rod , ^ amm^ftn^e? rS^S A'TV" 

elsewhere* The £S5*tf ^S^SSjS^ > uWish ed 
results with known structure different J* S a ^ reen ! en, of these 
this alternating current brSe is a 2EfJ? **. battene » indkate *at 
* the interna*! resistance 0!^ tSSgg^'T""* ^ 

SUMMARY* 

previously descriKdTrWges in ^S^rfta*? Thf ?* re fr ° m 
of an extremely high resistance enmn,,!^ ".' P C ran ° ^ are 
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on a "raight copper rod. The sensitivity of lfo is attained by means 
of an ultra high gam amplifier. . ' 

Tests indicate that this bridge is convenient and gives consistently 
accurate results. * J 

R«um« «M artleulo: •%»„ P„e»U de WWfton. p.r. Mrfir I. R«.i.t.nei.- 
Intern* d« Acumuladorci/' 

Se ha construido un equipo con oscilador a 3,000 ados (Fie 1 v 2} 
para medir k resistenda electrica muy baja de un acumulador de Pb. 
a ?Y? n ■ ""w^om variables alias sin inductancia y una baja, 
de inductancia variable. La resistencia baja es una varilla de "con- 
stantan (con tope variable) y la inductanda una varilla paredda de 
cobre en sent El circuito amplificador magnifica la potenda 10" veces 

be noto un error de menos de 2% al medir una resistenda dcsconocida 

li IlSf de ^ ,t '?i etro y amperimetro. La Tabla II demuestra que 
la resistencia obten.da no depende de la frecuenda empleada 
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